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Summary
Background Atopic parents may adopt lifestyle characteristics that allegedly protect against
atopic disease. If this is true, infants from atopic parents will be characterized by low-risk
behaviour. Consequently, aetiologic studies on lifestyle factors and allergic disease in
childhood may be biased by confounding by indication.
Objective We explored whether the prevalence of ‘prudent’ lifestyle characteristics differs
between atopic and non-atopic families.
Methods Information about a family history of atopic manifestations and lifestyle
characteristics was collected by repeated questionnaires in the Dutch KOALA Birth Cohort
Study in 2469 infants from families with divergent lifestyle practices (conventional vs.
alternative).
Results In conventional lifestyle families, infants were less often exposed to environmental
tobacco smoke when parents were atopic than when they were non-atopic (10.0% vs. 14.7%,
P = 0.001). In alternative lifestyle families, exposure to smoking was very rare in both groups
(1.7% vs. 2.6%). Pets were less often present in families with than without parental atopy
(38.8% vs. 51.1%, P = 0.008 for conventional lifestyle families; 43.0% vs. 48.4%, P= 0.014 for
alternative lifestyle families). Infants with atopic siblings had less often been vaccinated
according to the standard scheme than infants with non-atopic siblings in conventional
lifestyle families (76.6% vs. 85.5%, Po 0.001). In alternative lifestyle families, the difference
was in the same direction but not statistically significant (30.1% vs. 40.5%, P= 0.143).
Antibiotic use, breastfeeding and consumption of organic foods were unrelated to a family
history of atopic manifestations.
Conclusion Some ‘prudent’ lifestyle characteristics differed between atopic and non-atopic
families, depending on whether atopic manifestations were present in parents or older
siblings. This has important consequences for the validity in epidemiological studies on the
aetiology of allergy in children. Confounding by indication because of a family history of
atopic manifestations can best be controlled for by considering atopy in parents and siblings
as separate confounders.
Keywords confounding, infant, family history of atopy, lifestyle, parents
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Introduction
These days in modern societies uncountable internet
websites, magazines and newspaper articles are devoted
to childhood allergy. This public concern tags along with
scientific evidence that the prevalence of atopic diseases
such as asthma, atopic eczema and allergic rhino-
conjunctivitis has increased over the past decades [1, 2].
Currently one-third of the children in westernized socie-
ties show atopic symptoms [3].
A positive family history for atopy has proved to be an
important risk factor for the development of atopic disease
in offspring [4]. Several findings have led to the notion
that certain lifestyle practices may also be associated with
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atopy. First, studies performed in different geographical
areas indicated that a western lifestyle predisposed to
atopic disease [3, 5, 6]. Moreover, important regional
differences in disease prevalence were revealed in geneti-
cally similar populations, indicating that rapid changes in
genetic background cannot explain the epidemic [7].
A Swedish study suggested that an anthroposophic life-
style might lessen the risk of atopy in childhood [8];
growing up on a farm has also been reported to be
protective [9–11].
In order to determine which specific lifestyle factors are
important, research on the aetiology of atopy has focused
on changes in lifestyle over the past decades. The intro-
duction of vaccinations and antibiotics, smaller family
sizes and better hygiene are associated with atopy. The
common denominator to these factors is decreased micro-
bial stimulation [8, 12–17]. Also, altered patterns of food
consumption [18, 19] and increased exposure and sensiti-
zation to indoor allergens [20–23] are considered impor-
tant cofactors for the development of atopic disease in
westernized societies.
As information on childhood allergy on the Internet or
in magazines is easily accessible, modern parents have
become more aware of the important role that their
lifestyle plays in relation to atopy. Consequently, they
may seek to adapt their behaviour in an attempt to prevent
allergy in their child, in particular in families with a
history of atopic manifestations. This causes differences
in exposure to important risk or protective factors in early
life between children of atopic and non-atopic families
[24]. Consequently, the validity of epidemiological re-
search concerning the role of lifestyle factors in relation
to atopic disease is affected: if atopic families adopt a
‘prudent’ lifestyle, i.e. a lifestyle which allegedly protects
against atopic disease, the effect of lifestyle on the devel-
opment of atopy will be confounded by family history of
atopy (confounding by indication) (Fig. 1). A protective
lifestyle factor may then appear as a risk factor, because
the exposed subjects are at the highest risk.
The aim of this publication was to explore whether
parents with a family history of atopic manifestations
adopt a ‘prudent’ lifestyle relative to parents of non-atopic
families, using families with divergent lifestyle practices
selected from the Dutch KOALA Birth Cohort Study. We
specifically addressed the issue of differential effects of
atopy in parents vs. siblings on lifestyle practices, which
to our knowledge has not been reported in allergy studies
to date.
Subjects and methods
Study population
A detailed description of the design of our cohort was
published previously [25]. In summary, the Dutch KOALA
Birth Cohort Study started in October 2000. Participants
were recruited from two sources. First, pregnant women
were recruited from an ongoing prospective cohort study
on pregnancy-related pelvic girdle pain (PPGP study) [26].
Participants of the PPGP study were recruited via midwife
clinics at 14–16 weeks of gestation. At 34 weeks of
gestation PPGP subjects were asked to participate in the
KOALA study (‘conventional subcohort’). Second, to in-
crease the number of participants with lifestyle choices
that have a low prevalence in the general population,
pregnant women with the so-called ‘alternative’ lifestyles
were recruited through several specific recruitment chan-
nels, i.e. anthroposophic doctors and midwifes, anthro-
posophic under-five clinics, Steiner Schools, posters and
flyers in organic food shops and magazines for special
interest groups (e.g. homeopathy, anthroposophy, anti-
vaccine) (‘alternative subcohort’). These women were also
enrolled at 14–18 weeks of gestation. A total of 2834
participants were included in the KOALA study, 2343
through the PPGP study and 491 through the specific
recruitment channels. All participants signed informed
consent and completed the first (pregnancy) questionnaire
at 34 week of gestation. Parents in both subcohorts were
sent detailed questionnaires when the infants were 3 and
7 months of age. Age 7 months was selected to have
complete information on the first 6 months of life of
infants.
In the present publication we report on lifestyle char-
acteristics in the first 6 months of life. Data on a family
history of atopic manifestations and sibship size were
collected by questionnaires with closed answer options at
34 weeks of gestation. Questionnaires at 34 weeks of
gestation, 3 and 7 months postpartum were used to collect
information about lifestyle characteristics.
Out of 2343 conventional and 491 alternative subco-
hort participants, 2003 (85%) and 466 (95%), respectively,
completed the ‘family history of atopic manifestations’
questionnaire as well as the 3 and 7 months postpartum
questionnaires. Ethical approval was obtained from the
medical ethics committee of the Maastricht University/
University Hospital of Maastricht.
Definitions
Positive family history of atopic manifestations included
self-reported doctor’s diagnosed asthma, pet or house dust
Lifestyle Atopy in index
child
Presence of atopic disease 
in parents and/or siblings
Fig. 1. Schematic presentation of confounding by indication by family
history of the observed association between the exposure to a certain
lifestyle factor and the presence of atopy.
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mite (HDM) allergy, hayfever and/or eczema for parents
(none vs. one or both) and older siblings (none vs. one or
more), separately. Food allergy was included in the
definition of atopy for older siblings only.
At 7 months postpartum, we asked parents whether
their child had been vaccinated according to the standard
scheme, an ‘alternative vaccination scheme’ or not at all.
In the Netherlands during the time of the study, infants in
their first 6 months were standard vaccinated against
diphtheria, tetanus, pertussis (with whole cell pertussis
vaccine), poliomyelitis and Haemophilus influenzae type
B vaccine (Hib) at 2, 3 and 4 months of age. An ‘alternative
vaccination scheme’ was defined as delayed vaccinations
or alternative vaccine composition (for example, omitting
the Pertussis component from the Diphtheria–Pertussis–
Tetanus–Polio vaccine).
We asked parents if their child had ever used antibiotics
(yes/no), whether the child had been exposed to environ-
mental tobacco smoke (ETS) for more than one hour per
week (yes/no) and if they had pets in the house at any time
(yes/no). We defined ‘exclusive breastfeeding’ as breast-
feeding without any artificial and/or supplemental feed-
ing in the first 4 months of life. Consumption of organic
bananas (fresh) (yes/no) and organic fruit (jar) (yes/no)
were used as indicator variables for choice for organic
foods when starting supplemental feeding, because these
were the foods most used in the first 6 months.
Statistical analyses
We evaluated associations between lifestyle choices and
the presence of a family history of atopic manifestations
by Pearson’s w2 test. The evaluation of associations
between lifestyle choices and sibling history of atopic
manifestations was restricted to families with one or more
older siblings. Determination of whether choice for or-
ganic fruit (fresh and jar) is related to family history of
atopic diseases was restricted to infants who had actually
consumed these foods. P-values below 0.05 indicated
statistical significance.
Results
About half of the families in both subcohorts had a
parental history of atopic manifestations (Table 1). About
34.7% of index children in the alternative and 46.7% in
the conventional subcohort had no older siblings. The
percentage of families with a positive sibling’s history of
atopic manifestations was around 14.7% in the alternative
and 20.0% in the conventional subcohort. The percentage
of infants vaccinated according to the standard scheme
was lower in the alternative lifestyle families than in
conventional families (42.6% vs. 80.9%), and the same
was true for antibiotic use (13.3% vs. 22.9%). Exposure of
infants to environmental tobacco smoke (ETS) was rare in
the alternative subcohort (2.2%) and more frequent in the
conventional subcohort (12.3%). Almost half of the fa-
milies in both subcohorts had pets. The percentage of
infants being exclusively breastfed during the first
4 months was 55.6% in the alternative and 20.7% in the
conventional subcohort. Percentage of organic origin of
foods consumed by infants was for banana’s 56.4% in the
alternative and 5.4% of the conventional subcohort, and
for fruit from jars 64.2% in the alternative and 8.1% in the
conventional subcohort.
Overall, the differences in lifestyle characteristics be-
tween families with and without parental atopic manifes-
tations were small in both subcohorts (Table 2). In the
conventional subcohort, infants were less often exposed
to ETS when parents were atopic than when they were
non-atopic (10.0% vs. 14.7%, P= 0.001). In the alternative
subcohort, exposure to smoking was very low in both
Table 1. Characteristics of a conventional (N= 2003) and alternative
subcohort (N= 466) in the KOALA Birth Cohort Study over the first 6
months after birth
Conventional
subcohort
Alternative
subcohort
n/N % n/N %
Parental history of atopic manifestations
One or both 1046/2003 52.2 237/466 50.9
Sibling history of atopic manifestations
X1 sibling(s), at least one with atopy 295/2003 14.7 93/466 20.0
X1 sibling(s), all without atopy 773/2003 38.6 211/466 45.3
No siblings 935/2003 46.7 162/466 34.7
Vaccination scheme
Standard 1617/1998 80.9 198/465 42.6
Alternative 345/1998 17.3 118/465 25.4
No vaccinations 36/1998 1.8 149/465 32.0
Antibiotics ever used
Yes 452/1977 22.9 61/457 13.3
Exposure to household ETSw 4 than 1 h/week
Yes 246/1998 12.3 10/464 2.2
Pets in the home at any time
Yes 914/1999 45.7 209/461 45.3
Breastfeeding during first 4 months
Exclusive 414/2003 20.7 259/466 55.6
Non-exclusivez 1227/2003 61.3 196/466 42.1
Never 362/2003 18.1 11/466 2.4
Organic fruit fresh (banana)‰
Yes 72/1330 5.4 203/360 56.4
Organic fruit (jar)z
Yes 118/1451 8.1 174/271 64.2
Delayed or alternative composition of vaccinations.
wEnvironmental tobacco smoke.
zBreastfeeding with supplemental liquids or solid foods.
‰N= 1330 (conventional subcohort) and N= 360 (alternative subcohort)
due to unknown origin or no consumption of the foods.
zN= 1451 (conventional subcohort) and N= 271 (alternative subcohort)
due to unknown origin or no consumption of the foods.
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groups (1.7% vs. 2.6%). Pets were less often present in
families with than without parental atopy (38.8% vs.
51.1%, P= 0.008 for the alternative subcohort; 43.0% vs.
48.4%, P= 0.014 for the conventional subcohort). Vaccina-
tions scheme, antibiotic use, breastfeeding and consump-
tion of organic fruit did not differ between parents with
and without atopic manifestations in both subcohorts.
Differences in lifestyle characteristics between families
with atopic manifestations in siblings in both subcohorts
were also small (Table 3). Infants with atopic siblings had
less often been vaccinated according to the standard
scheme than infants with non-atopic siblings in the
conventional subcohort (72.4% vs. 81.8%, Po 0.001). In
the alternative subcohort, the difference was in the same
direction but not statistically significant (29.0% vs.
39.5%, P= 0.164). Antibiotic use, exposure to ETS, pets
and breastfeeding and consumption of organic foods
(except for consuming bananas of organic origin in the
alternative subcohort) did not differ between families with
and without a history of atopic manifestations in siblings
in both subcohorts.
We found similar results when we restricted our defini-
tion of atopic manifestations to a (self-reported) doctor’s
diagnosis of asthma, pet or HDM allergy, hayfever, or
eczema separately. Differences in lifestyle characteristics
between atopic and non-atopic families were of the same
size and were only found for less smoking (when parents
had a history of pet or HDM allergy or hayfever), fewer
pets (when parents had a history of pet or HDM allergy or
eczema) and lower frequencies of standard vaccination
schemes (when siblings had a history of asthma or
eczema) but not for antibiotic use, breastfeeding and
consumption of organic foods.
We further evaluated maternal smoking or exposure to
ETS during pregnancy, having pets during pregnancy, as
well as parents’ intention to have their infant vaccinated
according to the standard scheme (asked during preg-
nancy). In the conventional subcohort, atopic pregnant
Table 2. Relation between lifestyle and parental history of atopy in the
conventional and alternative lifestyle subcohorts of the KOALA Birth
Cohort Study over the first 6 months after birth
Parental history of atopy in
the conventional subcohort
Parental history of atopy in
the alternative subcohort
Yes
(N= 1046)
(%)
No
(N= 957)
(%) P
Yes
(N= 237)
(%)
No
(N= 229)
(%) P
Vaccination scheme
Standard 80.1 81.9 0.579 43.5 41.7 0.600
Alternativew 18.0 16.4 26.6 24.1
None 1.9 1.7 30.0 34.2
Antibiotics ever used
Yes 24.2 21.5 0.154 15.2 11.5 0.252
Exposure to household ETSz 4 than 1 h/week
Yes 10.0 14.7 0.001 1.7 2.6 0.487
Pets in the home at any time
Yes 43.0 48.4 0.014 38.8 51.1 0.008
Breastfeeding during first 4 months
Exclusive 21.5 19.8 0.623 54.9 56.3 0.340
Non-exclusive‰60.6 62.0 41.8 42.4
Never 17.9 18.2 3.4 1.3
Organic fruit fresh (banana)z
Yes 5.7 5.1 0.680 56.8 56.0 0.885
Organic fruit (jar) k
Yes 7.7 8.6 0.563 61.2 67.4 0.282
w2 test.
wDelayed scheme or alternative composition of vaccine.
zEnvironmental tobacco smoke.
‰Breastfeeding with supplemental liquids or solid foods.
zN= 1330 (conventional subcohort) and N= 360 (alternative subcohort)
because of unknown origin or no consumption of the foods.
kN= 1451 (conventional subcohort) and N= 271 (alternative subcohort)
because of unknown origin or no consumption of the foods.
Table 3. Relation between lifestyle and sibling history of atopy in
families with older siblings in the conventional and alternative lifestyle
subcohorts of the KOALA Birth Cohort Study over the first 6 months after
birth
Sibling history of atopy in
the conventional subcohort
Sibling history of atopy in
the alternative subcohort
Yes
(N= 295)
(%)
No
(N= 773)
(%) P
Yes
(N= 93)
(%)
No
(N= 211)
(%) P
Vaccination scheme
Standard 72.4 81.8 o 0.001 29.0 39.5 0.164
Alternativew 23.2% 16.8 31.2 23.3
None 4.4 1.4 39.8 37.2%
Antibiotics ever used
Yes 27.1 25.9 0.686 12.2 14.4 0.613
Exposure to household ETSz 4 than 1h/week
Yes 11.9 12.2 0.889 5.4 1.9 0.102
Pets in the home at any time
Yes 40.9 42.4 0.669 42.9 48.1 0.405
Breastfeeding during first 4 months
Exclusive 27.5 22.6 0.253 52.7 56.6 0.639
Non-exclusive‰ 52.2 56.1 44.1 40.8
Never 20.3 21.2 3.2 2.6
Organic fruit fresh (banana)z
Yes 3.3 4.8 0.404 46.9 63.7 0.020
Organic fruit (jar) k
Yes 9.3 6.5 0.190 70.4 73.3 0.687
w2 test.
wDelayed scheme or alternative composition of vaccine.
zEnvironmental tobacco smoke.
‰Breastfeeding with supplemental liquids or solid foods.
zN= 1330 (conventional subcohort) and N= 360 (alternative subcohort)
because of unknown origin or no consumption of the foods.
kN= 1451 (conventional subcohort) and N= 271 (alternative subcohort)
because of unknown origin or no consumption of the foods.
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women smoked less or were less often exposed to ETS than
non-atopic pregnant women, but the difference was not
statistically significant (8.0% vs. 10.1%, P= 0.101). In the
alternative subcohort, maternal smoking or exposure to
environmental tobacco smoking was very low in both
groups (0.0% vs. 1.1%). In the conventional subcohort,
during pregnancy, atopic parents had pets less often than
non-atopic parents (49.7% vs. 54.5%, P= 0.021). In the
alternative subcohort, the difference was in the same
direction (42.2% vs. 50.2%, P= 0.082). In the conventional
subcohort, during pregnancy, parents of atopic siblings
less often indented their child-to-come to be vaccinated
according to the standard scheme than parents of non-
atopic siblings (91.2% vs. 96.2%, P = 0.001). In the alter-
native subcohort, the difference was in the same direction
but not statistically significant (53.0% vs. 60.2%,
P= 0.143). Finally, results from multiple logistic regres-
sion analyses showed that parental and sibling’s history
were independently associated with the lifestyle practices
mentioned above (smoking, pets, and vaccination scheme)
and these associations were not statistically different
between the conventional and alternative subcohorts
(test-of-interaction; results not shown).
Discussion
Some ‘prudent’ lifestyle characteristics differed between
atopic and non-atopic families, depending on whether
atopic manifestations were present in parents or older
siblings. A home environment with fewer pets and less
exposure to environmental tobacco smoke (ETS) was
related to a parental but not to a sibling history of atopic
manifestations. Newborns were less often vaccinated
according to the standard scheme when siblings but not
parents had a history of atopic manifestations. These
findings were observed in our study with a relatively large
group of families with alternative lifestyles. Because of the
small intervals between the follow-up questionnaires,
recall bias was kept to a minimum. This is particularly
important as parents with alternative lifestyle choices may
recall health-related lifestyle choices more accurately
than a general population sample.
One may argue that a definition of atopic manifesta-
tions including asthma, pet or HDM allergy, hayfever as
well as eczema has a low specificity. We therefore eval-
uated differences in lifestyle characteristics for these
atopic manifestations separately. Differences in lifestyle
characteristics between atopic and non-atopic families
were of the same size and were only found for the same
lifestyle characteristics (pets, exposure to ETS and vacci-
nations), which might indicate that our definition of atopy
was specific enough to evaluate our research question.
Several points merit consideration. First, parents who
have ‘prudent’ lifestyle characteristics may also have a
different way of labelling atopic complaints. Second,
differences in reporting atopic symptoms may have oc-
curred between the conventional and alternative subco-
horts owing to diagnostic differences. Therefore, a direct
comparison of prevalence rates between both subcohorts
has to be made with caution, which was why we have
presented our results for these two subcohorts separately.
Finally, the differences in lifestyle practices between
atopic and non-atopic families in our study were small
and cannot have a strong confounding effect, suggesting
that confounding by indication will presumably be lim-
ited in our study. This may be different in other birth
cohort studies because of differences in study population
characteristics and study design. Like every other study,
our study deals with self-selection of participants [25]. In
this population with a probably high interest in health,
one could have expected substantial differences between
atopic and non-atopic families with regard to ‘prudent’
lifestyle choices. However, we report only small differ-
ences and expect differences to be even smaller in a
general population.
An earlier Dutch study on differences in lifestyle and
between allergic and non-allergic parents among 3147
infants aged 2–3 months revealed, like our study, a
relationship between lifestyle factors related to pets or
smoking and allergic disease in parents [27]. Infants of
allergic parents were more likely than other infants to be
born in a home free of cats and cigarette smoking. The
infants of allergic parents in this study were later exposed
to newly introduced foods. In our study, however, we did
not find differences between families with and without a
parental history of atopic manifestations with regard to
exclusive breastfeeding for at least 4 months, which can be
regarded as an indicator for postponing the introduction of
artificial and/or supplemental feeding in this period. The
study did not address the issue of atopy in siblings. There
are few examples of studies that look into the separate
effect of parental and sibling atopic manifestations.
Fewer pets and less exposure to ETS were significantly
related to parental but not to sibling history of atopic
manifestations. A potential explanation is the notion that
atopic parents may experience effects of smoking or pets
on their own health, and therefore take precautions as
they anticipate the susceptibility of their child. In case of
sibling but not parental atopic manifestations, there was a
significant positive relation with alternative vaccination
schemes. It is possible that either side effects of vaccina-
tions or atopic disease in older siblings made parents
decide to alter their vaccination policy for their present
child. These observations suggest a self-inflicted prudent
lifestyle adopted by parents with a family history of atopic
manifestations in order to protect their child against
atopic disease development (confounding by indication).
We considered ‘reverse causation’ as a possible expla-
nation for our findings. Reverse causation in our study
would mean that atopy in the index child had changed the
c 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 : 489–494
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lifestyle of the parents. We evaluated associations between
a parental history of atopy and having pets and exposure
to ETS as measured before the index child was born
(during pregnancy). We did the same for a sibling’s history
of atopy and intention to have the index child vaccinated
according to the standard scheme. Less exposure to ETS
might have been influenced by atopy in the index child, as
the difference between atopic and non-atopic mothers
that smoked or were exposed to ETS during pregnancy
was not statistically significant.
In summary, some ‘prudent’ lifestyle characteristics
differed between atopic and non-atopic families, depend-
ing on whether atopic manifestations were present in
parents or older siblings. This has important consequences
for the validity in epidemiological studies on the aetiology
of allergy in children. Confounding by indication because
of a family history of atopic manifestations can best be
controlled for by considering atopy in parents and siblings
as separate confounders.
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